Minerals from Macedonia. Complementary use of vibrational spectroscopy and powder x-ray diffraction for identification and detection purposes by Jovanovski, Gligor et al.
I 
UDC 51154+62+69 ISSN 0351-3246 
MAKE)l;OHCKA AKA,[(EMMJA HA HAYKMTE M YMETHOCTMTE 
MACEDONIAN ACADEMY OF SCIENCES AND ARTS 
O,r:u:(EJIEHME 3A MATEMATMqKO-TEXHMqKM HAYKM 
SECTION OF MATHEMATICAL AND TECHNICAL SCIENCES 
I 
TIPHJI03H 
CONTRIBUTIONS 
XXVII 
I 
• 

COLJ;P)I{MHA 
TABLE OF CONTENTS 
GJigor Jovanovski, Petre Makreski, llojan Soptrajanov, Branko Kaitner, mazo lloev 
Minerals from Macedonia. Complementary use of vibrational spectroscopy 
!md powder X-my diffl1lction for identification and detection purposes ............... .......... 7-84 
- - , J" • 
npltJlOJH, OM. MaT. Tex. HayKH, MAHY, XXVI, I (2005), c. 7-84 
Conllibulions, Sec. M'llh . Tech. Sci., MANU, XXVI, 1 (2005), pp. 7-84 
ISSN 0351-3246 
UDC: 549.06:543.422.4(497.7) 
Review paper 
MINERALS FROM MACEDONIA. 

COMPLEMENTARY USE OF VIBRATIONAL SPECTROSCOPY 

AND POWDER X-RAY DIFFRACTION FOR IDENTIFICATION 

AND DETECTION PURPOSES 

Gligor Jovanovski, Petre Makreski, Bojan Soptrajanov 

Branko Kaitner, Blazo Boev 

A b s t r act: A review of the results of complementary use of 
vibrational spectroscopy (infrared and Raman) and powder X-ray 
diffraction in the process of identification and detection of some 
carbonate, sulfide, oxide and silicate minerals originating from the 
Republic of Macedonia is presented. Studied are the following 
minerals: calcite, CaC03; aragonite, CaC03; siderite, FeC03; 
magnesite, MgC0:J; dolomite, CaMg(C03)2; kutnahorite, CaMn(C~)2; 
galena, PbS; sphalerite/wurtzite, (Zn,Fe)S; hematite, Fe203; 
magnetite, Fe304; limonite, FeOOH; goethite, a-FeOOH; corundum, 
AI20); rutile, Ti02; chromite, FeCr204; almandine, Fe3AI2(Si04h; 
spessartine, Mn3Ah(Si04h; zircon, ZrSi04; titanite, CaTiSiOs; olivine, 
(Mg,Fe)2Si04; fors~elite, M~i04; staurolite, F~AI906(Si04MOHh; 
kyanite, AI2SiOs. 
Key words: minerals; vibrational spectroscopy; powder X-ray 
diffraction 
1. INTRODUCTION 
The Republic of Macedonia is very rich in minerals. It lies in the Al­
pine-Balkan-Carpathian-Dinaride collision belt and a large number of carbon­
ate, sulfide, oxide, silicate and other types of ore deposits are present in Mace­
donia. For instance, there is a unique ore deposit at AJSar (near Kavadarci) 
where 44 mineral species have been identified up to now. 
In spite of these very rich ore deposits in a relatively smal1 area, the to­
tal number of minerals present in Macedonia is not yet fully established. There 
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are a few incomplete mineral collections, but no complete literature data con 
cerning their systematizaton and characterization are available. In order to pr 
pare the Atlas of Minerals ji-on! Macedonia (a task presently in hand), the sy 
tematic process of collection, separation, identification and systematization a 
well as spectroscopic and structural characterization of minerals originatinl 
from Macedonia was undertaken. 
The acquisition of all the available minerals is almost completed alll 
the Mineral Collection at the Institute of Chemistry in Skopje is set up. Ttu 
mjnerals are studied mainly by Fourier transform infrared and Raman vibra 
tional spectroscopy and by powder X-ray diffraction [1-23]. In order to deter 
mine the presence and content of trace elements in the minerals, atomic absorp 
tion spectrometry and inductively coupled plasma - atomic emission spectra 
metry are also used and analytical methods for discrimination between som 
mineral species are developed [e.g. 24-39]. It should be noted here that vario 
instrumental techniques and procedures for mineral detection, identificati on 
discrimination and quantitative determination have been developed during til 
last few decades. The most frequently used among them are X-ray diffractj OJ 
[40], vibrational infrared [41] and Raman [42] spectroscopy, thermal analysi 
[43] and optical diffuse reflectance [44] (only a selection of the relevant refer 
ences is given above). 
Here a review of the results of the complementary use of vibration 
spectroscopy (infrared and Raman) and powder X-ray diffraction in the proce 
of identification and detection of some carbonate, sulfide, oxide and silicatt 
minerals originating from the Republic of Macedonia is presented. The identi 
fication is based on the comparison of the results of our study with the corre 
sponding literature data for the analogous mineral species originating fron 
other localities in the world. It is worth mentioning that, in general, the com 
parison of the data is often accompanied by difficulties, the most importan 
among them being related to the temperature at which the experiment was per 
formed; the instrument resolution; the vibrational spectral region and/or 28 re 
gion of the registered powder X-ray patterns; the specimen quantity llsed in thl 
experiment; the sample preparation, particle size and shape; the locality when 
the specimen was collected from, etc. 
2. EXPERIMENTAL 
The studied minerals were collected from various localities (Fig. 1) 
After that, from the collected ore samples single crystals were carefully pickel 
up under a microscope and then powdered. 
Contributions, Sec. Math. Tech. Sci., XXVI, I (2005). pp. 7 
